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cWdNe'f \hgjibX[OkO

lnm X MoZp_bq]X m XraA\`sPt�\pibXHMPubZpsPOk_;\pXwvb_�xysPt�\pibXHabXr_;\pqpsUayuzX M m sPt e"{}|�~b� L�O fQ� iA\���Mo\piD�U� M

� MPZ m MP�bX f a'LNMPOkOSRPTUTUT d�� X[\jM f OkX[��grs m�� MPq f ZpsPa'sPtY\hibXH��Mo\hM�\ps e sPa�\pX � MPq]Oks�g MPOQgr_bOkMo\ f sUabZ�t�sPq
\hi;X�\hqpMPabZ � sUq�\-sPtzabXr_�\hqpsPabZ-�bs � aW\hibX � _ f �bX f ab� f g Mo\pXrZ � s�s��WM � q]XrX m X[a�\�u�X�\ � X[Xra�\hibX m X MoZp_bq]Xr�
ZpibM � X/sot�\pibX/Xra;Xrq �o� Z � Xrg�\hqp_ m MPab� { l |*~b��� grMPOkg[_bO�Mo\ f sUa;Z�t�sUq�M+�;XrgrsP_ � OkX[��O fk� _ f �1i � �bqps � Xra
m s��bX[qhMo\psUq d L�sUq�X[abXrq �Uf X[Z�t�qps m � m X[��\hs1��� m X[�+��\hi;X m XrMPZp_;qpXr��u;q fk� i�\pabXrZ]Z�sPtS\pibX � MPq�\ f MPOkO �
grsP_ � OkX[��L����U� M m s��bX[qhMo\psUq f Z �A¡U¢£OkMPq � X[q�\hi�MPa � qpX[� f g�\hX[�"t�sUq M��bX[grsU_ � OkXr� m s��bXrqpMo\hsPqr� � f \pi
O�Moq � X1_;abgrX[q]\jM f aA\ � �b_bX�\ps¤OkMPgj¥Dsot ¥�abs � OQXr� � X�sPt*Mo\]\hXra�_�M�\ f a � m Mo\pXrq f MPOkZ f a¦\pibX1v fk� i�\ � Mo\hi d
§�MPZ]Xr��sPa'\hi;X¨qpX[Zp_bO©\hZ sPt�\hi;X m X MPZ]_bqpX m X[aA\hZr� � f \pi�RPTUT�ª l«� qpsP\psUa"g[_bqpq]XraA\*\pibX � X Mo¥�vb_�x'sUa
L����¬R f Z­XrZ�\ f m Mo\pXr��\hs¨uzX ®�¯y� TU°­a;Xr_;\pqpsUabZh± m Zj± � _;OkZpX*Mo\�® m X[�¨��Moab��\pibX`\psP\jMoO � M m�m M/X[²PXraA\
qhM�\hX�t�sPq | � �wc M m�m M�sUa¦L�����R�t�qps m � d ��\hs³�¬� m X�� f Z´X[Z]\ f m M�\hXr�µ\hs"uzX"�P¶Q��¯%��TP·j± � _bOQZpX d
V�i f Z`X[Z]\ f m Mo\hX[�'L�����R+vb_�x f Z�Z]_;¸�g f XraA\ t�sPq | � �wc M m�m M d
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V�i f Z f Z`\hibX+Z]Xrg[sUab�¤MPab��Ã�abMPO�abso\hX+�bs�gr_ m X[a�\ f a � M1LNMPOkO�RPTUTUT m XrMPZp_;qpX m XraA\HMPa;��MPa�MPO � Z f Z sPt
\hi;X*abX[_;\hq]sUaÄv�_�x�sUaÄL�O fQ� iA\­��Mo\pi��U��M�ÅÆL����P��MAÇ�Mo\�\pibX e MPa�_bXrO { _�ÈpMPa�ÉPq d;| Xr_;\pqpsUa ~ g M�\p\hX[q f a �
� XraA\pXrqyMo\Ä\pibX { sUZ l O�M m sUZ | Xr_;\pqpsUa ~ g f X[abgrX � X[aA\hXrqµÅ { l |�~b��� Ç d V�ibX � q]X[² f sU_;Z�absP\hX¦ÊË�rÌ
�bX[Zpgrq f uzXrZ f a
�bX�\jM f O�\hi;XyXÍx � X[q f m XraA\hMPO�ZpX�\h_ � MPab� � q]XrZpX[aA\hZ�\hibX���Mo\hM d V�i f ZWabsP\hX�g[s m�� MPqpX[Z



e sUaA\pX � MPqpOQs¦g MPOQgr_bOkMo\ f sUabZ�\hs³\hi;X m XrMPZp_bq]X m XraA\�sUa L����U� M;�`MPab�%\hi;Xra m Mo¥PXrZ � qpXr� f g[\ f sUa;Z
t�sUq/L�����R�� � i f gji f Z/gr_bq]qpXraA\pO � _;ab�bXrqwg[sUabZ]\pqp_bg�\ f sUa dW| � �wc M m�m M � f OQO�_bZ]X�L�����R d l Z]sU_bqpg[X
qpX � X�\ f \ f sPa�qhMo\pXHsot-RPT���� f Z�MPZpZ]_ m Xr��\hibq]sU_ � ibsP_;\�\hi f Z�absP\hX d

l e sUaA\hX � MoqpOksygrs��bX�Ê R�Ì � MPZ m s�� f Ã�X[��\hs f abgrOQ_b�bX�\hibX m s��bX[qhMo\psUqwubq fQ� iA\habX[ZpZHt�sUqHM'�bX��
grsP_ � OkX[�ÄO fk� _ f ��i � �bqps � Xra m s��;XrqhM�\hsUq[��MoZ � MoqhM m X[\pq f �[Xr� f a"Ê �oÌ d V�ibX grs��bX � MPZ�q]_baÄ\ps´Z f m _bOkMo\hX
\hi;XÄ��Mo\hM � q]XrZ]XraA\hX[� f a Ê �rÌ d V�ibX e sUaA\hX � MPqpOQs"qpX[Zp_bO©\hZ¨MPab�D\pibX m X MPZ]_bqpX m X[aA\hZ+MoqpX f a � s�s��
M � q]XrX m X[a�\�t�sUq�\pibX�Zpi�M � X�sPtz\hibX�X[abXrq �P� �bX � X[ab�bXra;grX � i;Xra�\pi f Z m s��bXrqpMo\hsUq�ubq fQ� iA\habX[ZpZ f Z-_bZ]Xr�
MPab�DM �b� q]s � q f Mo\pXWgrsUq]qpXrg�\ f sUabZ´MPqpX m MP�bXW\hs�\hibX���Mo\hM d V�i f ZwOkX[ab�bZHgrqpX[� f u f O f \ � \ps � qpXr� f g[\ f sUa;Z
t�sUq�\pibX/grsPOk��abX[_;\hq]sUa�v�_�x�sUa�L�����R d L����¬R � f OQOz² f X � MPa�_ �b� Xrq�\ f Xrq[� � MPq�\ f MPOkO � grsU_ � OkXr��O fk� _ f �
i � �bqps � Xra m s��bXrqpMo\hsUq d V�ibX � Xrq]t�sPq m MPabgrXwsPt�\hi f Z m s��bX[qhMo\psUq�i�MoZ`a;X[²UX[q uzXrX[a m X MPZ]_bqpX[� d

V�ibX � q f m MPq � �bMo\jMW� f Zpgr_;ZpZpX[� f a�\pi f Z�a;sP\hX�Å VYMPubOQXHR���L fQ� Z d�� ���UÇ � X[qpXHsUu;\jM f abX[�¤�P�
	 � � l e
\hsy�¬R�	 �UT�� e � ~ X � \pX m uzXrq���\hiÁ�zRPTUTUT d V�ibXHu�XrM m � qpsoÃ�OkX m X MPZ]_bqpX m X[a�\pZ � Xrq]X´\hMP¥PX[a�u�X�\ � X[Xra
RW� e MPab�'��� e sUa�\pibXwZhM m Xw��M �Ud
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� f \pi"\hi;X+grsUOQO f m Mo\ f sUa�_;ZpXr��t�sPq \hi f Z vb_�x m X MPZ]_bqpX m X[aA\ ��\pibX+uzX M m � q]sPÃ�OkX¨MPZ*² f X � X[��u � \hi;X
�bX�\hXrg�\hsUq � MoZ�qpsU_ � ibO � Z � _�MPqpX�MPab��v�Mo\ f a f aA\pXrabZ f \ �Ud LNsPq­\pibX t�sU_;q�X[abXrq �Uf X[Z�_bZ]Xr� f a m XrMPZp_;q f a �
\hi;X'uzX M m � qpsPÃ�OQXP� e sUaA\hX � MPqpOQs � q]sPÃ�OQXrZ�MPqpXyZpi;s � a f a L fk�bd � d V�ibX e sUaA\hX � MPqpOQsb� � i f gji
f a;grOk_;�bXr�/\hi;X­g[sUOkO f m Mo\ f sUa MPab� � Xrs m X[\pq � sot�\pibX�X�x � X[q f m X[a�\hMPOUZ]X[\h_ � �Pq]X � q]s��b_;grXrZ}\hi;X m X MoZp_bq]Xr�
ZpibM � XwsPt�\hi;XHuzX M m d

V�ibX/t�_bOkO�� � f �;\hiÄMo\�i�MPO©t m M¬x f m _ m ÅÆL���� e Ç�grMPa�u�X/grMPOkg[_bO�M�\hXr��t�sUq�\hi;X/u�XrM m t�q]s m \pibXrZ]X
e sUaA\pX � MPqpOQs � q]sPÃ�OkX[Zr�ÁMPab��t�qps m � qpsPÃ�OQXrZ*Mo\/sP\pibXrq XrabX[q �Uf XrZ dH� s m�� Moq f a � MÄg[_bq]²PX+t�sUq e sPa�\pX
� MPq]Oks�L���� e ²PXrq]Zp_bZ�a;Xr_;\pqpsUa�X[abXrq �P� \hs�\hibX´Z f m�� OQX/X�x � X[g[\hMo\ f sUa"\hibMo\�L���� e�� ® d � �P±"! �
Å�t�q]s m M �b� q]s�x f m Mo\ f sUaDsPt�\hibX�g[sUOkO f m Mo\ f sUa¤MPZ�M � s f aA\WZpsP_bqpg[X�MPab�
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Neutron Beam Profiles -- Monte Carlo
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L fQ� _bqpX�� 	 e sUaA\hX � MPqpOQs � XrabX[qhMo\pXr�DuzX M m5� qpsoÃ�OkX[Zwt�sPqwt�sP_bq/abXr_�\hqpsPaDXra;Xrq �Pf XrZ d V�i;X�x¤Moab� �
M�x�XrZ�MPqpX f a"g m �N\hi;X �+M�x f Z f Z*abX[_;\hq]sUa�grsP_baA\hZ�Å MPqpu f \hqpMPq � Z]g MPOQX�Ç d V�ibX � s f aA\�x ��� � T f Z \hi;X
grX[aA\hXrq�sPtz\hi;X�u�XrM m O f abX d V�i;X � qpsPÃ�OQXrZ�MPq]X�Mo\�R d ® m t�q]s m \pibX�Xrab��sPtz\hibX�a;Xr_;\pqpsUa � _ f �bXP� � i f gji
� MPZ�\hibX*Oks�g Mo\ f sUa�sPtS\hibX*�bX[\pXrg[\psUq d V�ibX e sUaA\hX � MPq]Oks f abgrOQ_b�bX[�1\hibX�g[sUOkO f m Mo\ f sUa�Mo\�\pibX�X[ab��sPt
\hi;XHa;Xr_;\pqpsUa � _ f �bX d
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Width of Neutron Beam

x (cm)

C
ou

nt
s 

pe
r 

20
0 

m
s

4.0 meV
2.0 meV

11.5 meV

40.5 meV

at z = 22.3 m

(2.8 m from end of guide)

Energy (meV)

F
ul

l W
id

th
 H

al
f 

M
ax

 (
cm

)

Data

FWHM = 8.45 / sqrt(E)
FWHM = Monte Carlo
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L fQ� _bqpX�R 	HV�i;X�_ �;� X[q � sUq�\ f sPa¤sot�\pibX�Ã � _bqpX�Z]ibs � Z´\hi;X m X MoZp_bq]Xr� � qpsPÃ�OQXWsPt�\pibX�grsUOQO f m Mo\pXr�
abX[_;\hq]sUa¦u�XrM m Mo\+t�sU_bq´XrabX[q �Uf XrZ d V�i;X�Oks � X[q � sUq]\ f sUaµgrs m�� MPq]XrZ¨\pibX1Xra;Xrq �o� �bX � X[ab�bXra;grX�sPt
m X MPZ]_bqpX[�¦L���� e ²PMoOk_bX[ZH\ps�M'Z f m�� OkX � X[s m X[\hq f g � q]Xr� f g[\ f sUa��YL���� e � ® d � �U±"! � ��MPab�µ\ps
e sUaA\pX � MoqpOks�grMPOkg[_bO�Mo\ f sUa;Z d
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cwf ²UX[a f \hZ�� � m OkX[a � \pi��`\pibX�� � �U���K· |`f � grsAMo\pXr� abX[_;\hq]sUa � _ f �bX�sUa L����U��M m MP¥oXrZ f \
� sUZpZ f ubOQX�t�sPq­g[sUOk��abX[_;\hq]sUabZ­\hsHu�X�qpX�v�Xrg�\hX[�1ZpX�²UXrqpMPON\ f m XrZ d�� x � X[q f m X[a�\hMPOkO � \pibXrq]X f Z-a;s � M � \ps
¥�abs � \hi;X`XÍx;MPg[\ � Mo\pi�sPt�M �Uf ²PXra��bX[\pXrg[\pXr�1a;Xr_;\pqpsUa���ub_�\­t�q]s m \pibX e sUaA\hX � MPqpOQs f \ f Z�M �b� MPq]XraA\
\hibMo\wt�sUqwabXr_;\pqpsUa;Z � f \hi ��� � T m X��+� m sUqpX+\pi�MPaDibMPOQt�sPt�\pibX�abXr_�\hqpsPabZ¨Z]XrXra f a \hibX � q]sPÃ�OQX
m X MPZ]_bqpX m X[a�\pZ � Xrq]X�q]X[v�X[g[\pXr�¦Mo\wOQX MPZ�\HsUabgrX d V�i f Z f ZwZpi;s � a f a¤L fQ�bd � d � s � X[²PXrqr� � f \hi \hi;X
�bX�\hXrg�\hsUq-sPa+\hibX ��M¬x f Z�Å�\pibX�grX[aA\hXrq-sotz\pibX�uzX M m O f abX�Ç}MPZ f \ � MPZ�t�sUq m _;gji�sotz\pi f Z m XrMPZp_;qpX m XraA\r�
MPab� � f \hi1\pibX/grsUOQO f m Mo\ f sUa�_bZ]Xr��t�sUq�\pibX�v�_�x m XrMPZp_;qpX m XraA\ f a � O�MogrXP�bMPgrg[sUqp� f a � \ps+\hibX e sPa�\pX
� MPq]Oks¨² f q�\h_�MoOkO � MoOkOzsPt}\hibX�g[sU_baA\hZ�\pi�Mo\ � Xrq]XwZpXrX[a � X[qpX/absP\�qpX[vbXrg[\pXr�yu � \hi;X � _ f �bX d V�i�_bZ�\hi;X
qpX m M f ab�bX[q�sPtS\pi f Z�absP\pX�� f Z]gr_bZ]ZpX[Z�M m XrMPZp_;qpX m XraA\�\pi�Mo\ � MPZ�X[ZpZ]XraA\ f MPOkO � � f qpX[g[\�² f X � f a � sPt}\hi;X
m s��bX[qhMo\psUq d

Number of Reflections -- Monte Carlo

2.0 meV 4.0 meV 11.5 meV 40.5 meV

0

5000

10000

15000

20000

0 5
0

2000

4000

6000

8000

10000

12000

14000

0 5
0

2000

4000

6000

8000

0 5
0

500

1000

1500

2000

0 5

L fQ� _bqpX¨��	 | _ m u�X[q�sPt�qpX�v�Xrg�\ f sUabZ*t�sUq*abXr_;\pqpsUa;Z*\hqpM�²PXrOQO f a � �bs � a�\hibX � _ f �;X+MPab��\pibqpsP_ � i�\hi;X
grsPOkO f m M�\ f sPa d V�ibX�xDM�x f ZHsPt�XrMPgji � OQsP\ f Zw\hibX�a�_ m u�X[q¨sPt�qpX[vbXrg[\ f sUa;Zr��\pibX � M�x f Z f Z´abX[_;\hq]sUa
grsP_baA\hZ d V�ibXwX[²PXraA\hZ f a�\hi f Z�Ã � _;qpXHMPqpX/\pibXwZhM m XwMPZ�\hibsPZpXw_bZpX[�'\ps�g[qpXrMo\hXHL fQ�bd � d
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V�ibX m s��bXrqpMo\hsUq-² f X � X[�1u � L����P��M f Z�M � MPq]\ f MPOQO � grsU_ � OkXr�ÄO fk� _ f ��i � �bq]s � Xra�Å { �	��Ç m s��bX[qhMo\psUq d
V�ibX�uzXrZ]\�M ²oM f OkMPubOQX � q]Xr� f g[\ f sUa³t�sUq+\pibX�ubq fQ� iA\habX[ZpZ�sPt L����U��M f Z�M�Ãb\ � qps�² f �bX[� f a Ê �oÌ�t�sPqWM
�bX[grsU_ � OkXr� { �
� m s��;XrqhM�\hsUq d V�i f Z�Ãb\ ZpibsP_bOk�'u�X´M�OQs � XrZ�\ f m Mo\pX´sPtY\hibX´ubq fQ� iA\habX[ZpZ[��Z f abg[X´\hi;X
� MPq�\ f MPONgrsU_ � O f a � � f OQOzX[abi�MPa;grX�\hi;X*v�_�x1Mo\�\pibX m X[� X[abXrq �Uf X[Z�sPt f a�\pXrq]XrZ]\�ibXrq]X d l abso\hibX[q�Ãb\ f a
\hi;X-ZhM m X-qpX�t�XrqpX[abgrX � q]Xr� f g[\hZSu;q fk� i�\pabXrZ]Z�Mo\ � m X��¦sPt�Ãb²UX-\ f m XrZ � q]X Mo\pXrq�t�sUq�M�t�_;OkO � g[sU_ � OQXr� { �	�
m s��bX[qhMo\psUq d V�i f Z�t Mog[\hsPq-sPt�Ã;²UX`� f�� Xrq]Xrabg[X`uzX[\ � XrX[aÄt�_bOQO � grsU_ � OkXr��MPa;��_ba;grsU_ � OkXr� m s��bX[qhMo\psUqpZ
�Uf ²UXrZ�Zps m X`XrZ]\ f m Mo\hX`sPt�\hibX � sUZ]Z f ubOkX�²oMPq f Mo\ f sUa f a�ubq fQ� iA\habX[ZpZ��b_;X \hsH\hibX � MPq�\ f gr_bOkMPq � Xrs m X[\pq �
MPab� m Mo\hX[q f MoOkZ�Z]_bqpq]sU_bab� f a � \hi;X m s��bXrqpMo\hsUq d

l grMPOkg[_bO�M�\ f sPa f a'^`X�t d Ê � Ì}t�sUq�\hi;X¨L����U� M�MPZ��Kub_ f OQ\ � MPq]\ f MPOQO � grsU_ � OkXr� m s��bX[qhMo\psUq � qpX[� f g�\hZ[�
t�sUq�abX[_;\hq]sUa"X[abXrq �Uf X[Z OQXrZpZ�\hibMPa�� m X[�+�zM�ubq fQ� iA\habX[ZpZ`sPt-T�¶ �
�	
 T;¶ ®A¢£¯³� T�� ��±og m � ±oZh±oZpqh±oª l d
�KaA\hX � qhMo\ f a � \hi;X`Ãb\ f a�^�X[t d Ê ��Ìzt�q]s m ��\hsW� m X[�=MPab�ÄX[Z]\ f m Mo\ f a � \hibX*M ²UXrqpM � X`ubq fQ� iA\habX[ZpZ­t�qps m
T�\hsD� m X[� \hsyu�X�i�MPO©t�\pi�Mo\¨Mo\�� m X[�¨�S\hibX�ubq fQ� iA\habX[ZpZwt�qps m \hibX��bXrg[sU_ � OQXr� m s��bXrqpMo\hsUq�Ã;\
t�sUqHXrabX[q �Uf XrZ´OkXrZ]Z´\pi�MPa¦� m X�� f Z¨T;¶ RP®A�1¯ ��T�� ��±og m � ±oZh±oZpqh±oª l d V�i�_bZr�-ubMPZpX[�³sUa³^�X[t d Ê � Ì ��M
absUq m MoO f �rMo\ f sUawsPtzT;¶ �
� ' T�¶ RP®U� � �U¶ � ��f Z�X�x � X[g[\pXr� � ibXra�g[s m�� MPq f a � \hi;X�L����U��M m X MoZp_bq]Xr�W��Mo\hM
\hsW\pibX/Ãb\ f ay^`X�t d Ê �oÌ d

V�ibX�^�X[t d Ê �oÌ�ubq fQ� iA\habX[ZpZ�g[_bq]²PX � MoZ/_bZpX[� f a"\pibX e sUaA\pX � MPqpOQs1g MoOkgr_;O�Mo\ f sUabZ d � \ � MPZ*X[²oMPO �
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t�sUq[��ub_�\wMPqpX¨MPa�X � X[g[\/sPt�OQXrZ]Z \hibMPa RU¢ d V�ibX¨grsUq]qpXrg�\ f sUabZ t�sPq�Mo\]\hXra�_�M�\ f sPa�MPab�"X[¸�g f Xrabg � MPq]X
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e sUaA\hX � MPqpOQs�qpXrZ]_bOQ\pZ�t�sPq�a;Xr_;\pqpsUaHgrsU_;a�\pZ � Xrq m X[�3MPqpX�Zpi;s � a f awV�MoubOkX�R d V�ibX � x � Xrq f m X[aA\
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e sUaA\pX � MPqpOQsb�-_bZ f a � \hibX��;XrgrsP_ � OkX[� { �
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Xra;Xrq �o� �bX � Xrab�;Xrabg[X/M � q]XrX m XraA\ f Z � s�s�� d �`s � X[²PXrq[�;\hibX[qpX f Z­Mw� f Z]grqpX � MPabg � u�X�\ � X[Xra1\pibX�\hqpX[ab�
sPtY\hibX e sUaA\hX � MPq]Oks�MPab�'sPt�\pibXw��Mo\jMWt�sUq�\hi;X´i fQ� ibX[Z]\`XrabX[q �P� � s f aA\pZ � ibXra"\pibX � {Sf X�¸�g f X[abg �
f Z f abg[Ok_b�bX[� d V�ibX�sUq fk�Uf a3sPtw\hi f Z1� f Zpg[qpX � MPabg �%f ZÄa;sP\��bX�Ã�a f \ f ²PXrO � _bab�;XrqpZ�\hs�s�� d V�ibX m sUZ]\
O f ¥PX[O � grsUaA\hq f ub_�\ f sPa f Z*\hibMo\w\hibXWg[sUOkO f m Mo\ f sUa'sot c ��t�s f O�MPab�¤u�sUqpMo\hX[� � sUO � � MPZwOkX[ZpZwX � Xrg�\ f ²PX
t�sUqwabX[_;\hq]sUaDX[abXrq �Uf X[Z � q]X Mo\pXrqw\hi�Moa � T m X�� d l absP\hi;Xrq � sUZ]Z f ubOkX�g Mo_bZpX f Zw_babg[Xrq]\hM f aA\ �¤f a \hi;X
abX[_;\hq]sUa³\ f m X�sPt�v fQ� iA\�Å�\psPthÇ d V�i;X1abXr_�\hqpsPa¦XrabX[q �P� � MPZ¨ZpXrOQXrg�\hXr�
u � _bZ f a � MPa³sPZpg f OkOQsUZpg[s � X
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\hs�ZpX�\�Moa"XrOQXrg�\hqpsPa f g � M�\hX´Mo\ M�g[Xrq]\hM f a�\hsotB�NMPab�'t�sPq�Z m MPOkO�\psPt ) Z�\hibX[qpX f Z�Zps m Xw_babg[Xrq�\jM f a�\ �yf a
\hi;XWabXr_;\pqpsUa X[abXrq �P�Ud L�sUq*X�x;M m�� OkXo�Á\hibXWi fk� ibX[Z]\wX[abXrq �P� � s f aA\ � MPZ�\jMo¥PXraµMo\�\psPt � R m Z d � t
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OkXrMP��\hs�M�g[sUqpq]Xrg[\ f sUa�\hs�grsP_baA\hZj± m X�� sPt�M�t MPg�\hsUq�sPt-R d V�i;XH\psPt�_ba;grXrq�\jM f aA\ �'f Z`M�Z m MPOQO�X � Xrg�\
t�sUq�\pibXwOks � X[abXrq �P� � s f aA\hZ�Z f abg[X/\hibX � s�g[gr_bq`Mo\`OkMPq � X[q�\hsot ) Z d

� \hibX[q � sUZ]Z f ubOkX1Z � Z]\hX m M�\ f g�_;abgrX[q]\jM f aA\ f XrZ f a;grOk_;�bXÄ\hi;X�grs m�� sPZ f \ f sUaDsPt�\hibX � {Sf �;X[\hX[g[\psUq
MPab�¤u�MPgj¥ � q]sU_bab�µgrsU_;a�\pZ f a�\hibX��bX�\hXrg�\hsUq d V�ibX�g[s m�� sUZ f \ f sUa�sPt­\hibX��bX�\hXrg�\hsUq f a;v�_bX[abgrX[Z´\hi;X
MP��È]_;Z]\ m XraA\/t�sUq*�bX[\pXrg[\psUqwX[¸�g f Xrabg � Mo\�\pibXWi fQ� ibXrq/X[abXrq �P� � s f a�\pZ d §�MPgj¥ � qpsP_bab�¤grsU_baA\pZ � Xrq]X
m X MPZ]_bqpX[�"u � � O�MPg f a � M�ZpsUO f ��u�sPqhMo\pXr� � sUO � � Ok_ ��f a�\ps�\pibXHgrsUOQO f m Mo\ f sUaÄMPZpZ]X m ubO � Å Z]XrX¨�;X[\jM f OkZ
f a3Ê �rÌ Ç d �`s � X[²PXrq[��\hi f Z m X MoZp_bq]X m XraA\ � MPZ´sUabO � m MP�;X�t�sPqw\pibX�\hsPt�grsUq]qpXrZ � sPab� f a � \hs � m X��
abX[_;\hq]sUabZr��MPa;�µu�Mogj¥ � qpsU_ba;�bZwgrsU_bOQ� i�M ²UX�u�X[Xra O�MPq � Xrq t�sUq�\hibX+\psPt ) ZwgrsPqpqpX[Z � sUab� f a � \hs�i fQ� ibX[q
Xra;Xrq �o� abXr_;\pqpsUa;Z d

L�sUq­\pibX*X fk� iA\�Oks � XrZ]\�XrabX[q �P� � s f aA\pZ�sPtÁ\hibX m XrMPZp_bq]X m XraA\ �z�U¶ � m X[��� � � �¬��¶ � m X[�+��\hi;X
ZpibM � X`sPt�\pibX e sUaA\hX � MPqpOQs´M � qpX[XrZ � f \hi�\hibX`ZpibM � X sPtÁ\pibX`��Mo\jM d L fk� _bqpX �HZ]ibs � Z�\pibX �bMo\jM;��\hi;X
e sUaA\pX � MPq]Oksb��MPa;�+M�absUq m MPO f �[Xr� e sUaA\hX � MPq]Oks�gr_bq�²UX d V�ibX�M�²PXrqpM � X­sPt;\pibX�qhMo\ f s�sPt � x � Xrq f m X[aA\
\hs l ��È]_bZ�\hX[� e sUaA\hX � MPq]Oks f Z*_bZ]Xr��\hsÄabsUq m MPO f �rX/\pibX m s��bX[qhMo\psUq�Ãb\/_ � � MPqp�bZ�\ps�MPg[grsU_baA\�t�sPq
\hi;X � MPq]\ f MPO�grsU_ � O f a �bd�~�f abg[X�\hibX | � �wc M m�m M`X�x � Xrq f m X[aA\ f Z � q f m MPq f O �/f a�\pXrq]XrZ]\pXr� f aWabX[_;\hq]sUa
Xra;Xrq �Pf XrZ�OQXrZpZ-\pi�MPa��¬� m X��+�UsPabO � \hibX�O�MoZ]\�X fQ� iA\�XrabX[q �P� � s f aA\hZ`Å�\pibsUZ]X`OQXrZ]Z�\pi�MPa�MPab� f a;grOk_;� f a �
�¬� d � m X[�/Ç�MPq]X*_bZ]Xr� f aÄÃ�ab� f a � \pi f Z�M ²UXrqpM � X�qpMo\ f s d V�i;X�grsUa;grOk_;Z f sPa f Z­\hi�Mo\­\hi;X�ubq fQ� iA\habX[ZpZ�Ã;\
_bab�;XrqpX[Z]\ f m Mo\hX[Z*\hibX+L����U��MÄubq fk� iA\pabXrZ]Z�u � �A¡U¢ d V�i f Z*q]XrZ]_bOQ\ m M � u�X+s � \ f m f Z]\ f gwZ f a;grX m sUZ]\
O f ¥PX[O � \hibX[qpX f Z/absP\ m sUq]X+\hi�MPaµR�g m sot�MPOQ_ m f a�_ m f a�\hi;X�uzX M m O f abX¨t�q]s m ²oMPq f sU_;Z � f ab�bs � Z d
� \hibX[q/_bab¥�abs � abZ´MPqpX � sUZ]Z f u;OkX m f ZpMPO fQ� a m XraA\*sot�\pibX � _ f �bXWMPab� � _ f �bX f m�� Xrq�t�Xrg[\ f sUa;Zr� � i f gji
uzsP\hi � sP_bOk� g MP_bZ]X"OQXrZpZW\pi�MPa f �bX MoO�abXr_;\pqpsUa \hqpMPabZ m f Z]Z f sUa d � � Xrg�\hZ�sPt*\pi f Z�a�Mo\p_bqpX'MPqpX�abso\
MPg[grsU_baA\pXr��t�sUq�i;XrqpX d V�ibX�absUq m MoO f �rMo\ f sUaW²oMPOk_bX´� d �A¡´grs m�� MoqpXrZ � X[OkOz\hs¨\pibX � q]Xr� f g[\hX[�1²oMPOk_bX sPt
� d � � �b� f�� Xrq f a � u � �U�¬¢ d
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